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DESCRIPTION 

FLUORINE-CONTAINING COPOLYMER 
HAVING FUNCTIONAL GROUP 



TECHNICAL FIELD 
The present invention relates to a fluorine-containing 
copolymer having functional group. Further the present invention 
relates to a fluorine-containing copolymer which is excellent in chemical 
resistance, solvent resistance, water resistance, weather resistance, 
stain-proofing property, adhesion, and the like and is suitably used for a 
laminating film, co-extruded layered tube, etc. 

BACKGROUND ART 

Fluorine-containing copolymers comprising a vinyl monomer 
unit having hydrocarbon type functional group are described in JP-A- 
1-103670, JP-A-8-41131, etc. and it is known that they are useful as 
crosslinking coating resins when used in combination with a curing 
agent. Also a fluorine-containing copolymer prepared by 
copolymerizing perfluorobutenoic acid or a vinyl ether having a 
fluorine-based functional group is known as a fluorine-containing 
copolymer comprising a fluorine-containing vinyl monomer. 

However a fluorine-containing resin copolymer which 
comprises a vinyl monomer unit having hydrocarbon type functional 
group and is insoluble in tetrahydrofuran (THF) substantially has not 
been known. In case of a resin being soluble in THF, in order to realize 
solvent resistance, a combination use of a curing agent capable of 
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forming a crosslinked structure has been essential. On the other hand, 
from the aspect of use as a molding material, when using the copolymer 
together with a curing agent, it was necessary to control molding and 
curing reaction in a very narrow temperature range, and thus heat- 
5 molding was very difficult substantially. 

Also since a monomer having a fluorine-based functional 
group has a good reactivity with fluoroolefin such as tetrafluoroethylene 
(TFE), it can introduce a functional group into a melt-moldable resin 
insoluble in THF such as ethylene-tetrafluoroethylene copolymer (ETFE) , 
Jjp 10 tetrafluoroethylene/ hexafluoropropylene copolymer (FEP) and 
tetrafluoroethylene/ perfluoro(vinyl ether) copolymer (PFA). However a 
preparation process of the monomer ranges over multiple stages and is 
disadvantageous economically. 

The present inventors have found that a hydrocarbon vinyl 
15 compound monomer having functional group, particularly a vinyl ether 
monomer having functional group reacts with a copolymer containing a 
specific amount of TFE unit and can give a resin insoluble in THF, and 
thus completed the present invention. 

20 DISCLOSURE OF INVENTION 

Namely the present invention relates to the fluorine- 
containing copolymer having functional group which comprises a 
hydrocarbon type vinyl unit having functional group and a TFE unit and 
is characterized in that the fluorine-containing copolymer has a fluorine 
25 content of not less than 10 % by weight and is not dissolved in TFE 
substantially. 

Examples of the preferred resin comprising the hydrocarbon 



vinyl compound unit having functional group and TFE unit are 
tetrafluoroethylene (TFE), hexafluoropropylene (HFP), ethylene (ET) and 
hydrocarbon type vinyl ether monomer having functional group and 
being copolymerizable therewith. 

Examples of the preferred hydrocarbon vinyl compound 
having functional group are functional group-containing vinyl ethers, 
particularly monomers having hydroxyl or epoxy. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The fluorine-containing copolymer of the present invention is 

explained below. 

The fluorine-containing copolymer of the present invention is 

a copolymer having the following characteristics (1) to (4). 

(1) having TFE unit 

Since the copolymer has a TFE unit, a resin having excellent 
chemical resistance, solvent resistance, water resistance, weather 
resistance and stain-proofing property can be obtained. It is preferable 
that the TFE unit is contained in the copolymer in an amount of not less 
than 5 % by mole, particularly 10 to 95 % by mole. 

(2) having a fluorine content of not less than 10 % by weight 

The fluorine content is derived from TFE and/ or other 
fluorine-containing monomer. For the same reasons as in above (1), it 
is preferable that the fluorine content is not less than 10 % by weight, 
preferably 20 to 75 % by weight. 

Examples of the other fluorine-containing monomer are, for 
instance, hexafluoropropylene, vinylidene fluoride, trifluoroethylene, 
monofluoroethylene, chlorotrifluoroethylene, and the like. Those 
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fluorine-containing monomers are optional units, and a content thereof 
is not more than 30 % by mole, usually 0 to 10 % by mole, 
(3) being insoluble in THF substantially 

Being insoluble in THF means that the copolymer is excellent 
5 in solvent resistance. In case of a known resin being soluble in THF, in 
order to realize solvent resistance, a combination use of a curing agent 
capable of forming a crosslinked structure has been essential. On the 
other hand, from the aspect of use as a molding material, when using 
the copolymer together with a curing agent, it was necessary to control 
J 10 molding and curing reaction in a very narrow temperature range, and 



heat-molding was very difficult substantially. 

Being insoluble substantially encompasses the case of being 
soluble in THF in a concentration of less than 0.5 % by weight. This is 
because when substantially measuring an intrinsic viscosity [rj] of the 
15 resin in THF solution, a reliable intrinsic viscosity [ti] cannot be 
measured unless the copolymer has a solubility of about 0.5 % by weight 
or more. 

(4) having a hydrocarbon vinyl compound unit having functional group, 
preferably a hydrocarbon type vinyl ether unit having functional group 

20 The functional group has functions of not only giving a 

curing site to the fluorine-containing copolymer and providing a 
thermoset film by reacting with a curing agent but also enhancing 
adhesion to various substrates. Further by laminating or co-extruding 
together with a resin having a site being reactive with the functional 

25 group, interface adhesion is enhanced. 

In the present invention, examples of the functional group 
are, for instance, functional groups represented by the formulae (i): 



o 

I II 

-OH, -COOH, -CHCH 2 , -NH 2 , -Si-OR, -CNH 2 , 
\/ 2 I 2 

O 

-SO s H, and -OS0 3 H, 

wherein R is an alkyl group having 1 to 3 carbon atoms. 

Among the above-mentioned functional groups, preferred are 
those represented by the formulae (ii): 

-OH, -COOH, and -CHCH 2 . 

\/ 
O 

In the present invention, examples of the hydrocarbon type 
vinyl ether unit having functional group are, for instance, hydroxyl- 
containing vinyl ether, epoxy (glycidyl) -containing vinyl ether unit, and 
the like. 

Examples of the monomer being capable of introducing such 
a functional group are hydroxyl-containing monomers such as 
hydroxybutyl vinyl ether (HBVE) and ally alcohol; epoxy (glycidyl) - 
containing monomers such as glycidyl vinyl ether (GVE), and the like. 

Among them, from the viewpoint of reactivity with 
fluoroolefin, preferred are hydrocarbon vinyl ether monomers having 
functional group such as HBVE and GVE, 

An amount of the functional group varies depending on 
reactivity of the functional group and kind of a curing agent from the 
viewpoint of curability and adhesion when using the curing agent. It is 
preferable that based on the whole fluorine-containing copolymer, an 



6 



acid value is from 1 to 300 mgKOH/g, a hydroxyl value is from 1 to 200 
mgKOH/g or an equivalent of epoxy is from 5 to 15,000 equivalents. 

From the above-mentioned point of view, an amount of the 
unit giving the functional group may be selected in the range of from 0. 1 
5 to 30 % by mole, particularly 1 to 20 % by mole based on the fluorine- 
containing copolymer. 

The fluorine-containing copolymer having functional 
group can be obtained by copolymerizing each of the above-mentioned 
monomers. The polymerization may be carried out by usual 
10 polymerization methods such as emulsion polymerization, suspension 
polymerization and solution polymerization. Also a monomer having 
functional group may be grafted on the copolymer. 

Further it is preferable that the resin of the present invention 
has a melting point in the range of not more than 160°C when measured 
15 with DSC. If the melting point exceeds 160°C, for example, when the 
resin is used for a powder coating and is baked, flowability is lowered 
and poor appearance of a coating film such as orange peel arises. 

In the case of the application of the resin of the present 
invention to a film, it is preferable that MFR thereof at 230°C at a load of 
20 2. 1 kg is in the range of 1 to 100 g/ 10 min. 

Also in the case of use for lining of pipes and co-extrusion 
with an engineering plastic, it is preferable that MFR thereof at 160°C at 
a load of 2. 1 kg is in the range of 1 to 100 g/ 10 min. 

Non-restricted examples of the fluorine-containing 
25 copolymer having functional group of the present invention are those 
having the following combinations of monomers and satisfying the 
above-mentioned requirements (1) to (4). 



(1) (D Perfluoroolefin not less than 5 % by mole 
(D Other fluorine-containing monomer 0 to 95 % by mole 
(3) Other non-fluorine-containing monomer 0 to 95 % by mole 
@ Functional group-containing hydrocarbon type vinyl ether monomer 

5 not less than 0.1 % by mole 

(II) (D At least one of TFE and HFP not less than 5 % by mole 
(D Other fluorine-containing monomer 0 to 95 % by mole 
<D Non-fluorine-containing olefin 0 to 95 % by mole 
(D Hydrocarbon type vinyl ether monomer containing functional group 

10 represented by the above-mentioned formula (i) 

not less than 0. 1 % by mole 

(III) (D At least one of TFE and HFP not less than 10 % by mole 

SSKS 

yg (2) Other fluorine-containing monomer 0 to 20 % by mole 

(D Non-fluorine-containing olefin 10 to 70 % by mole 

15 @ Hydrocarbon type vinyl ether monomer containing functional group 
represented by the above-mentioned formula (i) 

not less than 0.1 % by mole 

(IV) (D At least one of TFE and HFP not less than 20 % by mole 

(2) Other fluorine-containing monomer 0 to 5 % by mole 
20 (3) Ethylene (ET) 20 to 50 % by mole 

® Hydrocarbon type vinyl ether monomer containing functional group 
represented by the above-mentioned formula (ii) 

not less than 0.1 % by mole 
Non-restricted examples of more concrete copolymer are as 

25 follows. 

TFE/HFP/ET/HBVE copolymer (mole ratio: 25 to 40/10 to 
20/35 to 48/0.1 to 10) and TFE/HFP/ET/GVE copolymer (mole ratio: 
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25 to 40/10 to 20/35 to 48/0.1 to 10). 

In the present invention, the copolymer can be used together 
with a curing agent which is reactable with the functional group. A 
hardness and resistance against stress deformation which are obtained 

5 by crosslinking can be improved. 

Examples of the usable curing agent are, for instance, epoxy 
or glycidyl compounds such as alicyclic epoxy resin, GMA acryl, aliphatic 
oxysilane, triglycidyl isocyanurate (TGIC), diglycidyl terephthalate, 
diglycidyl p-hydroxybenzoate, spiroglycol diglycidylether and hydantoin 

10 compounds; isophorone diisocyanate, tolylene diisocyanate, xylilene 
diisocyanate, 4,4 -diphenylmethane diisocyanate, hexamethylene 
diisocyanate, dimers thereof and blocked isocyanates obtained by 
blocking an isocyanate group of alcohol-modified polyisocyanate with a 
blocking agent (for example, e-caprolactam, phenol, benzyl alcohol, 

15 methyl ethyl ketone oxime, etc.); polybasic acid curing agent such as p- 
hydroxyalkylamide; polycarboxylic acids, e.g. aliphatic dibasic acids 
such as fumaric acid, succinic acid, adipic acid, azelaic acid, sebacic acid 
and dodecanedioic acid (DDA) and acid anhydrides such as phthalic 
anhydride, trimellitic anhydride and pyromellitic anhydride; 

20 tetramethoxymethylglycoluryl, isocyanate-modified silane coupling agent, 
and other curing agents described in JP-B-6- 104792, JP-A-7-188587 
and JP-A-1-103670. 

Among them, particularly from the viewpoint of compatibility 
with a crosslinkable functional group in the fluorine-containing 

25 copolymer having functional group, preferred combination are as follows. 
(1) Functional group: Hydroxyl group 

Curing agent: Blocked isocyanate, polyurethodione 



(2) Functional group: Carboxyl group 

Curing agent: Triglycidyl isocyanurate, p-hydroxyalkylamide, GMA 
acryl 

(3) Functional group: Glycidyl group 
Curing agent: Aliphatic dibasic acid 

It is preferable that an amount of the curing agent is from 0. 1 
to 1.2 equivalents, especially 0.5 to 1.0 equivalent to an amount of 
functional group contained in the fluorine-containing copolymer. 

In addition to the curing agent, a curing catalyst may be 
blended. Examples of the curing catalyst are, for instance, quaternary 
ammonium salts such as tetrabutylammonium chloride, 
tetrabutylammonium bromide and tetrabutylammonium iodide; 
quaternary phosphonium salts such as ethyltriphenylphosphonium 
acetate; phosphines such as triphenylphosphine; imidazoles such as 2- 
methylimidazole; organotin compounds such as dibutyltindilaurate and 
stannous octanoate; methyltolylsulfoneimide and stannous 
methanesulfonate, and the like. The curing catalyst may be blended in 
an amount of from about 0.1 part to about 3 parts to 100 parts of the 
fluorine-containing copolymer having functional group. 

The fluorine-containing copolymer of the present invention is 
also excellent in adhesion to a substrate. Examples the substrate are, 
for instance, various metal plates such as stainless steel plate, 
aluminum plate, steel plate and galvanized steel plate, and in addition, 
heat resistant engineering plastics such as polycarbonate, 
polyphenylene oxide, polyethylene terephthalate, polyether sulfone, 
polyamideimide and polyether ether ketone. 

The fluorine-containing copolymer of the present invention is 
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used for various applications in the form of film. Non-restricted 
examples of the application are construction and building material, 
electric communication device, vehicles, road materials, water and gas 
service materials, metal products, domestic appliances, machines, tools, 
5 measuring instruments, medical instruments, utensils for maintenance, 
agricultural materials, ships, sports and leisure products, and the like. 

Then the present invention is explained by means of examples, 
but is not limited to them. 

10 EXAMPLE 1 

A 4-liter pressure resistant reactor equipped with a stirrer was 
charged with 1 ,000 ml of deionized water and 1 g of potassium carbonate, 
and feeding of pressurized nitrogen and deairing were repeated to remove 
dissolved oxygen. Then the reactor was charged with 550 g of 

15 chlorofluoroethane (HCFC-141b), 7.2 g of hydroxybutyl vinyl ether 
(HBVE) and 650 g of hexafluoropropylene (HFP) successively. A 
pressure inside the reactor was increased up to 12 kgf/cm 2 at 35°C with 
a monomer mixture of tetrafluoroethylene (TFE)/ ethylene (ET) in a % by 
mole ratio of 82/18. Then the reactor was charged with 1 g of 

20 cyclohexane and 48 g of 25 % flon 225 solution of isobutyryl peroxide, 
and a monomer mixture of tetrafluoroethylene (TFE) /ethylene 
(ET)/ hexafluoropropylene (HFP) in a % by mole ratio of 37/43/20 was 
supplied continuously so that the inside pressure became constant at 12 
kgf/cm 2 . Every three hours after starting of the reaction, 8 g of 25 % 

25 flon 225 solution of isobutyryl peroxide was added three times. After 
12-hour reaction, the inside of the reactor was restored to normal 
temperature and normal pressure to terminate the reaction. After the 



obtained solid was washed and dehydrated, it was vacuum-dried at 80°C 
to give 1 83 g of TFE / HFP/ ET/HBVE copolymer (white powder) . Polymer 
components, melting point (Tm), MFR and solubility in THF of the 
obtained fluorine-containing copolymer were measured by the methods 
mentioned below. 

Melting point: A heat balance of 10 mg of VdF polymer was measured at a 
heat-up speed of 10°C/min in a temperature range of -25°C to 200°C by 
using Thermal Analysis System (available from Perkin Elmer Co., Ltd.), 
and a top peak was assumed to be a melting point. 

MFR: Measurement was carried out under the conditions of 160°C, a load 
of 2.1 kg and 10 minutes and the conditions of 230°C, a load of 2.1 kg 
and 10 minutes. 

Solubility in THF: 0.5 Gram of resin in the form of powder was put in 10 
ml of THF at room temperature, and after allowed to stand for 72 hours, 
dissolving state was observed with naked eyes. 

The results are shown in Table 1. 

EXAMPLES 2 to 3 
Polymerization was carried out in the same manner as in 
Example 1 except that monomer components, amount of cyclohexane 
and polymerization time were changed as shown in Table 1. The same 
measurements as in Example 1 were carried out with respect to the 
obtained fluorine-containing copolymer. The results are shown in Table 
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TABLE 1 



Example 


Fluorine-containing copolymer 
having functional group 


1 


2 


3 


Monomer components 








TFE/ET f% bv mole ratio) 


82/18 


82/18 


82/18 


HFP (g) 


794 


794 


794 


HBVE (g) 


21 




O 1 

21 


GVE (g) 




21 




Amount of cyclohexane (g) 


1 


1 


0.5 


Polymerization time (hr) 


12 


12 


/ 


Obtained weight (g) 


too 

183 


■I no 


ID f 


Polymer components 
(% by mole) 








l r Hi 


31 


34 


33 


nr Jr 


21 


17 


17 


ET 


48 


44 


45 


HBVE 


3 




4 


GVE 




5 




Melting point (°C) 


153 


157 


158 


MFR (g/ 10 min) at 230°C 


77 


65 


96 


(g/10 min) at 160°C 


14 


8 


39 


Solubility in THF 


Insoluble 


Insoluble 


Insoluble 



INDUSTRIAL APPLICABILITY 
The fluorine-containing copolymer having functional group 
of the present invention is excellent in adhesion to a substrate and co- 
extrusion property, and crosslinking can be easily carried out. 
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1 1. A fluorine-containing copolymer having functional group, 

2 characterized in that the copolymer contains a hydrocarbon vinyl 

3 compound unit having functional group and tetrafluoroethylene unit, 

4 has a fluorine content of not less than 10 % by weight and is insoluble in 

5 tetrahydrofuran substantially. 



3^5 



1 2. The fluorine-containing copolymer having functional 

2 group of Claim 1, wherein a melting point of the copolymer is not more 

3 than 160°C. 



% . l 3, The fluorine-containing copolymer having functional 

j\ 2 group of Claim 1, wherein the copolymer contains tetrafluoroethylene 

5f 3 unit, hexafluoropropylene unit and ethylene unit as essential 

4 components* 



l 
2 
3 



4. The fluorine-containing copolymer having functional 
group of Claim 1, wherein the hydrocarbon vinyl compound unit is 
hydroxybutyl vinyl ether unit or glycidyl vinyl ether unit. 
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Reg No 35^Q3^Geo^e F. Lehnigk, Reg. No. 36,359; John T. Callahan, Reg. No. 32,607; Steven M. Gruskin, Reg. 
No^6j8jBlPeter A. McKenna, Reg,J8 J 55r§f^award F. Kenehan, Jr., Re g . 28,962 , 



£ 

M 

ft I 



^ ^ ^ ^ ^ . Send Correspondence to: 

SU GHRUE, MION, ZINN, MACPEAK & SEAS , PLLC 
2100 Pennsylvania Avenue, N. W., Washington, D.C. 20037-3gT3 

ttSttKBftft: (%^RT$mm^^) Direct Telephone Calls to: (name and telephone number) 

(202)293-7060 



Full name of sole or first inventor 

-xttfB-»9W* Nobuhiko TSUDA 



Inventor's signature Date 



^ denCe Settsu-shi, OSAKA 566-8585 JAPAN 



Citizenship 

# Japanese 



post office address QjQ Yo dogawa-seisakusho, DAIKIN INDUSTRIES, LTD. 

T _] f Nishihitotsuya, Settsu-shi, OSAKA 566-8585 JAPAN 



Full name of second joint inventor, if any T • , h = i-i- a m a d a 

K^#mxmm* «at«*) TaKamro ki i amaka 



Second inventor's signature Date 



Residence 

& m Settsu-shi, OSAKA 566-8585 JAPAN 



Citizenship 



Japanese 



post office address q/q Yo dogawa-seisakusho, DAIKIN INDUSTRIES, LTD. 

1 -l , Nishihitotsuya, Settsu-shi, OSAKA 566-8585 JAPAN 



(m^&»<»&ft&W&l^^xhmm\zmm\*.*%&~tZ> (Supply similar information and signature for third and 
- ^ o ) subsequent joint inventors.) 
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Japanese Language Declaration 
(B#f&M#) 



FuJl name of third joint inventor, if any 



Ryuji IWAKIRI (deceased) 



Third inventor's signature 



"Date 

Btt March 27, 2001 



by Miyuki Iwakiri, 

as Legal representative of Ryuji Iwakiri, Deceased 

Residence ~ — 



Residence of Miyuki Iwakiri: Minoo-shi, OSAKA 562-0005 JAPAN 
Residence of Ryuji Iwakiri (deceased): Settsu-shi, OSAKA 566-8585 JAPAN 



Citizenship 



Citizenship of Miyuki Iwakiri: Japanese 
Citizenship of Ryuji Iwakiri (deceased): Japanese 



Post office address 



Post office address of Miyuki Iwakiri: 

11-31-1 02, Niina 4-chome, Minoo-shi, OSAKA 562-0005 JAPAN 

Post office address of Ryuji Iwakiri (deceased): 

c/o Yodogawa-seisakusho, DAI KIN INDUSTRIES, LTD. 

1 -1, Nishihitotsuya, Settsu-shi, OSAKA 566-8585 JAPAN 



Full name of fourth joint inventor, if any 


Masaru NACATO 


Fourth inventor's signature 


Date 


Residence 


Settsu-shi, OSAKA 566-8585 JAPAN 


Citizenship 

mm 


Japanese 


Post office address 


c/o Yodogawa-seisakusho, DAI KIN INDUSTRIES, LTD. 

1-1, Nishihitotsuya, Settsu-shi, OSAKA 566-8585 JAPAN 


Full name of fifth joint inventor, if any 


Ryoichi FUKAGAWA 



Residence 

mm 


Settsu-shi, OSAKA 566-8585 JAPAN 


Citizenship 

mm 


Japanese 


Post office address 


c/o Yodogawa-seisakusho, DAIKIN INDUSTRIES, LTD. 

1-1, Nishihitotsuya, Settsu-shi, OSAKA 566-8585 JAPAN 



Full name of sixth joint inventor, If any 



Sixth inventor's signature 


Date 






Residence 




&m 




Citizenship 

mm 


Post office address 
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Japanese Language Declaration 



a£Ln^W»***» 3 6 5 (a)«££1*<HRRtBllt 31 



I hereby claim foreign priority under Title 35, United States 
Code, § 119(a)-(d) or § 365 (b) of any foreign applications) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 



Prior foreign application(s) 

122384/1998 
(Number) 



Japan 



(Country) 
(W*) 



1/5/1998 



Priority Not Claimed 

□ 



(Day/Month/Year Filed) 



(Number) 
(•■*> 



(Country) 



□ 



(Day/Month/Year Filed) 



(Number) 



(Country) 
0*6) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, § 
119(e) of any United States provisional application^) listed 
below. 



(Application No.) 

(WWW 



(Filing Date) 



(Application No.) 



(Filing Date) 

immB) 



I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 112, 1 acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1.56 
which became available between the filing date of the prior 
application and the national or PCT International filing date of 
this application. 



(Application No.) 

««■#*} 



(Firing Date) 

(H1JHH) 



(Status)(patented, pending, abandoned) 



(Filing Date) 
(ftiJSfl) 



(Application No.) 
(«*#*} 

Ate* 4 jitfWti: ol?ai**BifcMf 



(Status)(patented, pending, abandoned) 

(SIM s mMPMK {fcK*. »*«) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



Page 2 of 4 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith: (list name and 
registration number) 

John H. Mion, Reg. No. l*y*72Uniomas J. Macpeak, Reg. No. Robert J. Seas, Jr., Reg. N o. 21.092; . Dairyl 
Mexic, Reg. NdJZ^Q©; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg. No.J^513i J. Frank Osha, Reg. No. 
2jy&5^Waddell A. Biggart, Reg. No. 24,86k Louis Gubinsky, Reg. NO.J&835; Neil B. Siegel, Reg. No. 25,200; 
David J^Cushing, Reg. No. 28,703; John R. Inge, Reg. N o. 26,916;. Joseph J. Ruch, Jr., Reg. No_26^7t-Sheldon I. 
Landsman, Reg. No^2^43g[Richard C. Turner, Reg, No.^29Jlft- Howard L. Bernstein, Reg. No. 25,665; Alan J. 
Kasper, Reg. No , 25,426; Kenneth J. Burchfiel, Reg. No.,3JL33fjGordon Kit, Reg. NqJKJJM; Susan J. Mack, Reg. 
No. 30,951; Frank L, Bernstein, Reg. No. 31,484; Mark Boland, Reg. No. 32,197; W illiam H. Mandir, Reg. No. 32,156; 
BriairwTHannon, Reg. No. 32,778; AbTaESrTj. Rosner, Reg. No . 33,276^ Bruce E. Kramer, Reg. N o. 33,725; PauTFT" 
Neils, Reg. No. 33,102; BretTSTS}5vester, Reg. No. 32,765; Robert M. Masters, Reg. No . 35,603, G eorge F. Lehnigk, 
Reg. No^fci 59 1 John T. Callahan, Reg. No. 32,6Crran31Tteven M. GrusMn, Reg. No z _3££l&- 



Send Correspondence to: 

SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC 
2jL00j? ennsYlvania Avenue. N.W. Suite 800 
Washington. D.C. 20037-37.13 



Direct Telephone Calls to: 



(202)293-7060 







Full name of sole or first inventor 
Nobuhiko TSIJDA 






Inventorl»<signature ESC.Date 
cHoJLUco ULuJ^ V, 2000l 






Residence J 
Settsu-shi, OSAKA 566-8585 JAPAIsQfl 


mm 




Citizenship 

Japanese 


&#* 




Post Office Address c/o Yodogawa-seisakusho , 
DAIKIN INDUSTRIES, LTD. , 1-1, 






Nishihi totsuya , Settsu-shi , 
DSAKA 566-8585 JAPAN 






Full name of second joint inventor, if any 
Takahiro KITAHAR^ 






Second inventor's signature E£C* Date 

cTU^J.j^ JrttJ^.* 12, 2000 






Residence 

Settsu-shi, J2SAKA 566-8585 JAPAN O 


mm 




Citizenship 

Japanese 


U9m 




Post Office Address c/o Yodogawa-seisakusho , 
DAIKIN INDUSTRIES, LTD., 1-1, 
Nishihitotsuya, Settsu-shi, 
OSAKA 566-8585 JAPAN J 



(&Hatt<£&Ji5&W#K^v*Ttl^#te3c«L> *££r"t* (Supply similar information and signature for third and 

r > \ subsequent joint inventors.) 
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Japanese Language Declaration 





■ flpuU name of third joint inventor, if any 
' J'O I feynj i IWAjORI (deceased) 



Date 



hird inventor's signature 

i t I , Dac 12r 2000 

. /i£z ok4^, ^ Legal representative of Ryujilwaldri, 

Deceased , ■ 



Citizenship 



Japanese 



r 



<uU name of fourth joint inventor, if any 
[asaruNAGATO 



0frt 



Date 



Citizenship 



Japanese 



^^^T^oga^-selsakusho, 

' DAIKIN TNDUSTRIES > LTD. ,1-1/ 

Nishihitotsuya, Settsu-bln, 

OSAKA 566-8585 JAPAN 

Ml name of fifth joint inventor, if any 

R^oic^FUKAGAWA 



' . „ DSC. Date 



Citizenship 

Japanese 



O ci^-'aJ- j.*-- "" 1 — . ■ 

. p/MTTH T^ T1 ^ T ^ S ' XjTD ^ 

rNisriiriitotsuya, Settsu-shi , 

Full name of sixth joint inventor, if any 



bixth inventor's signature 



Date 



Residence 



Citizenship 



Post office address 
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